Background and Aims The stress gradient hypothesis (SGH), the view that competition prevails in undisturbed and productive environments, and shifts to facilitation in disturbed or stressful environments, has become a central paradigm in ecology. However, an alternative view proposes that the relationship between biotic interactions and environmental severity should be unimodal instead of monotonic. Possible causes of discrepancies between these two views were examined in the high elevation desert of the arid Trans-Himalayas.
INTRODUCTION
Plant-plant interactions are widely recognized as central mechanisms shaping the distribution of species and the maintenance of biodiversity (Hacker and Gaines, 1997; Keddy, 2001; Callaway, 2007; Brooker et al., 2008; Le Bagousse-Pinguet et al., 2014a) . Such interactions range from negative to positive (competition and facilitation, respectively), and the environmental conditions play a crucial role in determining the direction of their effect, their intensity and prevalence in a given system (Bertness and Callaway, 1994; Keddy, 2001; Callaway, 2007) . Despite this general consensus, the consequence of increasing environmental severity on plant-plant interactions is still highly debated (for a recent review, see Soliveres et al., 2015) . Improving our understanding of plant-plant interactions therefore remains an important step for modelling accurately the consequences of environmental changes on species and their communities (Tylianakis et al., 2008) .
The view that competition prevails in undisturbed and productive environments and facilitation prevails in disturbed or stressful environments has become a central paradigm in ecology, i.e. the stress gradient hypothesis (SGH hereafter; Bertness and Callaway, 1994) . A direct prediction of the SGH, i.e. a monotonic increase in the role of facilitation with increasing environmental severity, has been supported by many studies (for reviews, see Callaway, 2007; He et al., 2013, He and Bertness, 2014) . However, an alternative view has also emerged, proposing that facilitation should instead prevail in intermediately stressful conditions, and collapse or even switch back to competition in very harsh environments (Michalet et al., 2014a) , therefore producing a unimodal shape in the variation of facilitation along environmental gradients (Michalet et al., 2006; Holmgren and Scheffer, 2010) . This alternative view has rapidly attracted the attention of theoretical work (Travis et al., 2006; Xiao et al., 2009; Holmgren and Scheffer, 2010; Malkinson and Tielborger, 2010; Le Bagousse-Pinguet et al., 2014a) , and gained empirical support in a variety of natural systems (e.g. Soliveres et al., 2012 ; for recent reviews, see also Michalet et al., 2014a; Soliveres et al., 2015) .
Several arguments have been proposed to explain the discrepancies between empirical studies supporting or departing from the original prediction of the SGH (Michalet et al., 2006; Maestre et al., 2009; Holmgren and Scheffer, 2010; Malkinson and Tielborger, 2010; He and Bertness, 2014; Soliveres et al., 2015) . A first argument is that the overall level of environmental severity where a particular stress gradient is examined could explain these discrepancies, i.e. the paucity of evidence from extremely harsh environments may bias our finding toward a support for the SGH (but see He and Bertness, 2014; L opez et al., 2016) . Along these lines, the length of the gradients examined would certainly influence the conclusion of the study; cropping the gradients should limit our ability to detect unimodal trends (Michalet et al., 2006; Brooker et al., 2008) , but unimodal patterns observed along a weak stress gradient should not be considered robust demonstrations of exceptions to the SGH as they could simply arise as a consequence of random processes, i.e. normal distribution (He and Bertness, 2014) . A second argument relates to the nature of the stress gradient itself (resource vs. non-resource stress) and how it interacts with cooccurring biotic stress, i.e. grazing/consumer pressure (Maestre et al., 2009; Smit et al., 2009; He et al., 2013; Le BagoussePinguet et al., 2014a) ; monotonic and unimodal patterns might in fact be two particular instances of a more general theory (see Huston, 1979 Huston, , 2014 for the analogy with the 'dynamic equilibrium model' describing the variation in species richness along productivity/disturbance gradients). A third argument is the possible discrepancy that can arise from considering the intensity of the interactions or their importance (i.e. the relative contribution of interactions compared with the other environmental factors that affect individual plant performance or community structure; Welden and Slauson, 1986; Goldberg, 1994; Brooker et al., 2005; Kikvidze et al., 2011; Brooker et al., 2013) . Such a distinction could generate different patterns, one supporting the SGH and the other revealing a unimodal variation, a more complex trend or even no trend at all (Gaucherand et al., 2006; Brooker et al., 2008; le Roux and McGeoch, 2010; Le Bagousse-Pinguet et al., 2014b) . A fourth argument proposes that the scale of the study is critical, and whether we consider the species level (i.e. pairwise interactions) or interactions at the community level across environmental gradients could strongly influence our conclusion (for a recent review, see Soliveres et al., 2015) . Pairwise interactions consider the variation of interactions within the niche of a species and are more likely to support the predictions of the SGH (He et al., 2013; He and Bertness, 2014) . As the level of stress increases, individuals deviate from their physiological 'optimum' (referred to as 'strain' in Levitt, 1980; Welden and Slauson, 1986; Keddy, 2007; Gross et al., 2010) and should be more prone to benefit from the positive effect of a nurse (e.g. Choler et al., 2001; Liancourt et al., 2005; Gross et al., 2010; He et al., 2013) . The pattern emerging from the community level, however, is more likely to be context specific and to depart from the prediction of the SGH, particularly if communities along the gradient include strong turnover of species with contrasting strategies and physiological optima (Michalet et al., 2006; Soliveres et al., 2015) . In such a case, and despite the increasing level of stress, the replacement of species from the benign end of the gradient by stress-tolerant species (e.g. drought-tolerant species along an aridity gradient) could produce a unimodal pattern because these stress-tolerant species are less likely to be facilitated (Liancourt et al., 2005; Michalet et al., 2006; Noumi et al., 2015) .
Overall, we explicitly followed the recommendations made by Brooker et al. (2008) and more recently by He and Bertness (2014) to consider altogether the variation of species interactions along a long stress gradient and several stress levels. In line with these recommendations, we examined the outcome of interactions at the community level (for both the intensity and the importance of interactions) and at the species level for species that co-occur with the nurse throughout the gradient (pairwise interactions). We conducted our study along an elevation gradient in the arid Trans-Himalayas (Ladakh), one of the world's highest regions where vascular plants occur. This high elevation desert combines the attributes of the systems where facilitation is thought to prevail (but see de Bello et al., 2011; Dvorsky et al., 2013) . Elevation gradients in arid mountain regions such as Ladakh are primarily driven by two co-occurring stress factors that have a pivotal role in the balance between positive and negative interactions, i.e. temperature and water availability (Brooker et al., 2008; Michalet et al., 2014b) . Several studies have supported the SGH in dry mountain ranges by showing an increase in facilitation with decreasing elevation, i.e. increasing temperature and drought (Pugnaire and Luque, 2001; Gomez-Aparicio et al., 2004; Cavieres et al., 2006; Sthultz et al., 2007) . However, the most notable empirical studies challenging the generalization of the SGH were also observed under water-limited conditions (Kitzberger et al., 2000; Tielbörger and Kadmon, 2000; Maestre and Cortina, 2004) . We surveyed the cushion-forming leguminous shrub Caragana versicolor and its associated plant community over its entire elevation range that is typically spanning from alpine to desert vegetation belts in Ladakh (Hartmann, 2009; Dvorsky et al., 2011) . Our focus on a single putative nurse species ensures that the interpretation of the observed pattern is not confounded by a turnover of nurse species with contrasting facilitative effects along the studied gradient.
Our specific hypotheses are the following.
(1) At the community level, the pattern of facilitation should increase monotonically with decreasing elevation (increasing temperature and drought), in agreement with the SGH. Alternatively, the pattern of facilitation could follow a unimodal trend along our elevation gradient. It would increase at first with decreasing elevation, but we could expect facilitation to wane/collapse at the lower end of the gradient, which coincides with the turnover of species that occurs where the nurse extends to the desert vegetation belt (assuming that typical desert species are most stress/ drought tolerant and therefore less likely to be facilitated). (2) At the species level, the pattern of facilitation should increase monotonically with decreasing elevation, as species deviate from their optimum.
These two hypotheses are built on the assumption that water stress is the main driver of facilitation in our system. In both cases, we do not expect facilitation to prevail at the highest elevations because water availability is less limiting and shade under the canopy of C. versicolor should be most detrimental under the coldest conditions (see Larcher, 2012) . Finding a unimodal trend at the community level but a monotonic trend at the species level would suggest that the level of strain, i.e. how species perceive the ambient level of stress and deviate from their optimum, provides a parsimonious explanation for the outcome of plant-plant interactions at both scales in our system.
MATERIALS AND METHODS

Study area and sampling design
The study was conducted in the Changthang region of Ladakh, in the Jammu and Kashmir State, north-west India. The region is overall cold and arid due to its high elevation (>4500 m a.s.l.) and its position in the rain-shadow of the Himalaya Range. The study sites were located on an elevation gradient on the East-facing slope of the Korzok range, above Korzok village, on the north-eastern side of Lake Tso Moriri (4522 m a.s.l., 32Á968125 N 78Á2639885E; Fig. 1 ). Annual precipitation is < 250 mm around the lake (mostly during the Indian summer monsoon), and temperatures in the study area have been reported to vary from 0 to 30 C in summer and from -40 to -10 C in winter (Mishra et al., 2015 , and references therein). In the study region, the elevation gradient is tightly related to a temperature/drought gradient (Supplementary Data Appendix S1 and S2). It is therefore warmer at low elevation, with more intense drought due to lower precipitation and higher evaporation (see also Hartmann, 2009; Dvorsky et al., 2011 Dvorsky et al., , 2013 .
Caragana versicolor (Fabaceae) is the dominant shrub species that forms typical shrubland communities in the region (see Hartmann, 2009; Dvorsky et al., 2011 for a description of community types; Kumar et al., 2016) . It is a cushion-forming thorny legume, and it therefore combines three key traits for being an efficient nurse species, i.e. general amelioration of the microclimate in the cushion, protection from herbivory and nitrogen fixation (Gomez-Aparicio et al., 2004; Reid et al., 2010; Fig. 1) .
Our elevation gradient spanned over 700 vertical metres on a single slope, decreasing the possibility of adding confounding factors that could occur in studies including several geographic regions (He and Bertness, 2014) , and encompassed the entire elevation range of our putative nurse species in the study area. Five elevations were selected along this slope for our survey. We first located the upper elevation limit of C. versicolor at 5200 m a.s.l. (Fig. 1) . We then selected sites every 200 m down slope (5200, 5000, 4800 and 4600 m). Because the elevation range of C. versicolor extended almost all the way to the elevation of the shore of the lake, we also added a site at 4550 m (approx. 20 vertical metres above the lake). The entire slope is heavily grazed by goats, with similar grazing pressure throughout the slope (pers. obs., herder camp sites located above the highest, and next to the mid and the lowest elevations; see also Kumar et al., 2016) .
At each of the five elevations, three plots (20 Â 20 m) were selected at least 50 m distant from each other and representative of the area. The number and identities of vascular plant species (species richness) and their cover were recorded using 50 Â 50 cm quadrats centred on individuals of C. versicolor and in adjacent open areas (1 m away from the shrub on the same elevation line) for four pairs of shrub/open area within each plots. Altogether, a total of 60 pairs of shrub/open area were surveyed on the entire elevation gradient.
Data analyses
To assess the species turnover along the elevation gradient, we performed a distance-based redundancy analysis (db-RDA) on a Bray-Curtis dissimilarity matrix, which was calculated from square root-transformed percentage data standardized by sample totals. This analysis was performed for the quadrats located away from the shrub only (open areas). The significance of differences between elevation sites was tested by 9999 permutations. The effect of elevation on species richness and vegetation cover (%) (number of species and sum of cover of all vascular plant species in a quadrat, respectively) in open areas were also assessed using mixed model analyses of variance (ANOVAs) with elevation as a fixed factor and plots at each elevation as a random factor. The intensity of interactions between C. versicolor and the associated plant community was evaluated for both species richness and vegetation cover (%) using the relative interaction index, RII richness and RII cover , respectively (Armas et al., 2004) :
where X is either the species richness or the vegetation cover (%) in a quadrat located on the shrub (X shrub ) or in its adjacent open area (X open ).
Additionally, the importance of interactions, i.e. the relative contribution of shrub C. versicolor compared with the other environmental conditions affecting species richness and total vegetation cover, was calculated using the importance interaction index, I imp (richness) and I imp (cover) , respectively (Seifan et al., 2010) :
where N imp and E imp are the nurse C. versicolor and environmental contributions to species richness and cover, respectively: N imp ¼ X þN -X ÀN and E imp ¼ X ÀN -X max6N , where X max6N is the maximum value of species richness or vegetation cover in the gradient. RII and I imp were analysed using mixed model ANOVAs with elevation as a fixed factor and plots at each elevation as a random factor. We also used one-sample ttests to assess if RII and I imp values differed significantly from 0.
We then performed an exhaustive screening to evaluate which species were significantly associated with C. versicolor along our elevation gradient. The screening was performed for each elevation using the non-parametric Friedman test (Rohmel, 1997) .
Finally, we focused on the most common species associated with C. versicolor that occur throughout the elevation gradient and that are generally described as typical from shrubland vegetation in the region (Dvorsky et al., 2011) . The three selected species were the shrub Krascheninnikovia pungens (Amaranthaceae), the grass Elymus jacquemontii (Poaceae) and the legume Oxytropis tatarica (Fabaceae). For each of these three species, the probability of occurrence with or without C. versicolor (presence/absence data) along the elevation gradient was analysed using logistic regressions, with elevation, presence of the shrub C. versicolor and the interaction elevation Â shrub as fixed factors. The effects of elevation, shrub and their interaction on the cover of each of the three species were also analysed using three separate mixed model ANOVAs, where these two factors and their interaction were considered as fixed, and plot and plot Â elevation were considered as random factors. The quadrats where a species was absent (cover ¼ 0) were not included in this analysis.
The RDA was performed using Canoco 5 (ter Braak and Smilauer, 2012) and the screening based on Friedman test was performed using the R package coin (Hothorn et al., 2008) .
All other analyses were carried out with JMP 8Á0 (SAS Institute, 2008) .
RESULTS
Vegetation pattern along the elevation gradient
Our study gradient, corresponding to the entire elevation range of C. versicolor, contained a total of 32 species, but these species were not evenly distributed across the elevation. Elevation had a significant effect on species compositional turnover, explaining 35Á2 % of the variation (db-RDA F ¼ 7Á3, P ¼ 0Á0001). The ordination confirmed that C. versicolor extended over three distinct vegetation belts ( Fig. 2A) : an alpine belt (5200 m), a steppe belt (4600, 4800 and 5000 m) and a desert belt (4550 m). Both species richness and vegetation cover in plots located away from C. versicolor varied significantly along the elevation gradient (mixed model ANOVAs: elevation P < 0Á001). Species richness was higher at the two extremes on the elevation gradient (Fig. 2B) , while vegetation cover was the highest in the alpine belt and equally low at the other lower elevations (Fig. 2C) .
Effect of the shrub at the community level
The effect of C. versicolor on its associated plant community varied strongly with elevation (Table 1) , with a similar unimodal trend observed for both the intensity and the importance indices (Fig. 3) , those two metrics being overall highly correlated for both species richness and vegetation cover in our study (R ¼ 0Á819 and R ¼ 0Á825, respectively, P < 0Á01). We found lower species richness within the quadrats located on the shrubs than in open adjacent areas [ Fig. 3A : RII richness and I imp (richness) <0] at the two extremes of the elevation range of C. versicolor (4550, 5000 and 5200 m), while no significant effects were detected at the two mid elevation sites (4600 and 4800 m). The intensity in the effect of the shrub on vegetation cover (Fig. 3B : RII cover ) was negative at the highest elevation (5200 m). No significant effect of the shrub was detected at the next two elevations (4800 and 5000 m), and it was positive at the second lowest elevation (4600 m). Finally, the effect of the shrub on vegetation cover was not significant at the lowest elevation (4550 m). The measure of importance, I imp (cover) , showed a similar trend, with significant negative effects also detected at 4800 and 5000 m (Fig. 3B) .
The exhaustive screening performed for each species at each elevation revealed that only two species out of the 32 (approx. 6 %) found along our gradient showed a significant positive association with C. versicolor (Supplementary Data Appendix S3). Interestingly, those two species, E. jacquemontii and K. pungens, were among the three most common species found along the gradient and a priori selected for the species-evel pairwise analysis (see results in the next section). Moreover, eight species (25 %) were found to be significantly negatively affected by C. versicolor. Those species were either desert species found at the lowest elevation (Artemisia macrocephala, Corispermum tibeticum and Senecio dubitabilis) or alpine species found at the highest elevations (Arenaria bryophylla, Carex pseudofoetida, Potentilla pamirica and Stellaria depressa), in addition to O. tatarica, the third most common species found along the gradient (Appendix S3).
Effect of the shrub at the species level (pairwise interactions) The three characteristic species of the shrubland community showed contrasting patterns of association with C. versicolor. The legume O. tatarica occurred throughout the elevation gradient, but was primarily found away from the shrub (Table 1; Fig.  4) . The grass E. jacquemontii was also distributed throughout the entire elevation gradient. When growing away from C. versicolor, its probability of occurrence peaked at 5000 m and decreased consistently with decreasing elevation (increasing aridity). Caragana versicolor buffered this negative effect of elevation, and E. jacquemontii was more often or only found within the shrub at the lowest elevations (4600 and 4550 m respectively, significant interaction elevation Â shrub, Table 1 ; Fig. 4) . The grass had a higher cover in the quadrats located on C. versicolor throughout the elevation gradient (significant effect of shrub and non-significant interaction elevation Â shrub, Table 1 ; Fig. 5 ). The shrub K. pungens was not found at the highest elevation site at 5200 m, and its low occurrence at the lowest elevation precluded any analysis. For the three remaining elevations, K. pungens also showed a strong pattern of association with C. versicolor at its lowest elevation only, i.e. 4600 m (significant interaction elevation Â shrub; Fig. 4 ). The cover of K. pungens reflected the size of the individuals, as one individual only was generally found per quadrat (pers. obs.). Those individuals growing away from the shrub achieved the largest size along the elevation gradient at 4800 m, while a similarly large size was found for individuals associated with C. versicolor at 4600 m (Fig. 5) . Together, the positive effect of C. versicolor on E. jacquemontii and K. pungens was therefore the strongest at the lowest end of their respective elevation range. 
Only significant results are reported (P < 0Á05); n.s. indicates non-significant effects. Elev. and E, elevation; Pres/abs, presence/absence; S, shrub.
-, the effect did not apply for the variable.
DISCUSSION
The predictions of the SGH did not apply to our elevation gradient when considering the community level. The outcome of the association with C. versicolor switched from competitive to facilitative (or neutral) between 5200 and 4600 m, but waned or even switched back to competitive abruptly where the shrub reached the desert vegetation belt at the lowest end of the elevation gradient (4550 m a.s.l.). Our study illustrates how the length of the study gradient can determine our conclusion on the variation of a pattern and our ability to detect non-linear trends (Michalet et al., 2006; Soliveres et al., 2015) . The departure from the prediction made by the SGH happened within a very small window at the very extreme of our elevation gradient and could have been overlooked by other observational studies (see Michalet et al., 2006) . The nature of the stress gradient under consideration (e.g. resource vs. non-resource), as well as the manner in which the nurse alters the environment, could add complexity to the original prediction of the SGH (Maestre et al., 2009; He et al., 2013) . Our study was conducted along an elevation gradient in the arid Trans-Himalayas, but elevation gradients are indirect gradients and mountain systems are extraordinarily complex. That was the main rationale for working on our particular system, where the entire elevation range of C. versivolor could be found on a single slope. Moreover, climate data from the region are congruent with our on-site measurements and showed a linear change in precipitation and temperatures with elevation (Appendix S1 and S2). For the study region and the elevation range considered, and to the best of our knowledge, there is no debate on the fact that these two drivers determine the vertical distribution of vegetation belts, species occurrence and abundance, and their particular adaptations along the elevation gradient (see Hartmann, 2009 ; Dvorsky et al., 2011). We The results for the intensity (RII) and the importance (I imp ) are both reported on the figure, together with the results of one-sample t-tests assessing the difference from 0 (n.s., non-significant; *P < 0Á05; **P < 0Á01; ***P < 0Á001). therefore followed this general consensus to interpret our pattern, and surmise that the increase in facilitation observed toward lower elevations was primarily driven by drought (e.g. Cavieres et al., 2006; Sthultz et al., 2007) . The shade produced by the canopy of C. versicolor, the protection it offers against wind, and the accumulation of humic matter, observed only underneath the shrubs in the system (decayed litter; Hartmann, 2009), could certainly improve soil moisture. While the occurrence of different levels of grazing pressure along a stress gradient could be an important confounding factor, neither our visual inspection of the system (goat pellets and signs of browsing on C. versicolor) nor the location of the herders' camp sites (present at low, mid and high elevations) suggested the presence of a grazing gradient along the elevation. Resources are scarce in the region, the C. versicolor shrubland as a whole is an essential source of food for livestock, and the herders take full advantage of it (see Kumar et al., 2016 ). Yet, the overall grazing context of our study, when superposed with our stress gradient, could have influenced our pattern (Smit et al., 2009; Le Bagousse-Pinguet et al., 2014a) . The distinction between the intensity and the importance of competition or facilitation did not explain the departure from the prediction of the SGH in our study. The observed correlation between these two aspects of species interactions is consistent with other studies (Sammul et al., 2000; le Roux and McGeoch, 2010; Armas et al., 2011) , and may be more likely to occur in stressful environments (Maalouf et al., 2012) . The particular environmental conditions determining whether the intensity and the importance of species interactions covary or not would clearly require further examination (Kikvidze et al., 2011; Brooker et al., 2013) .
Three possible reasons for a departure from the prediction of the SGH at extreme levels of stress could apply to our lowest elevation site (Michalet et al., 2006; Maestre et al., 2009; Holmgren et al., 2010 ) : (1) the decrease in the positive effect of the nurse with increasing stress (e.g. Kitzberger et al., 2000) ; (2) the competitive effect of the nurse on its beneficiaries could increase with increasing stress and offset its positive effect (e.g. Tielbörger and Kadmon, 2000; Maestre and Cortina, 2004) ; and (3) the turnover of beneficiaries with increasing stress, and more precisely the fact that species from the 'benign end' of the gradient are replaced by more stress-tolerant species that are less likely to obtain a net benefit from the nurse (e.g. Bertness et al., 1992; Hacker and Bertness, 1999; Choler et al., 2001; Pennings et al., 2003; Liancourt et al., 2005; Le BagoussePinguet et al., 2012) . These three aforementioned reasons are non-mutually exclusive and could all contribute to the pattern along our elevation gradient. A complex experimental approach coupling vegetation removals, transplantations, manipulation of limiting factors potentially altered by C. versicolor (temperatures, soil moisture and soil nitrogen) and grazing exclusion, though extremely challenging in such an environment, would be required to demonstrate what mechanisms drive our pattern and to quantify exactly how (e.g. Liancourt et al., 2005; Le Bagousse-Pinguet et al., 2013; Gross et al., 2015) . Disentangling (1) and (2) in the field is notably difficult, and it would also require precise characterization of how the vegetation affects the environmental conditions and the temporal dynamic of the resources (e.g. Liancourt et al., 2012a) . Finally, the characterization of plant functional traits (e.g. Gross et al., 2009 Gross et al., , 2015 and their plasticity (e.g. Liancourt et al., 2015) should provide great insight into the mechanisms driving the pattern (see also Soliveres et al., 2015) .
The vegetation description of a system allows prioritization of the role of species turnover along our gradient (aforementioned driver 3). Altogether, the role of species turnover (and species pool) is often a key determinant of the pattern along long natural gradients (e.g. Lessard et al., 2012; Le BagoussePinguet et al., 2014a; Soliveres and Maestre, 2014) . It appeared to have a prominent role in our study as a consequence of the elevation range of C. versicolor spanning over three different vegetation belts. Those species characteristic of the lowest elevation (desert species), and of the highest elevation (alpine species), were found in larger numbers away from the shrub, producing a competitive outcome on species richness at the two extremes of the gradient. Moreover, for vegetation cover, the peak of facilitation observed at the community level at 4600 m, as well as the 'collapse of facilitation' (sensu Michalet et al., 2006) observed at the lowest elevation site (4550 m) were largely driven by K. pungens. The fact that this species did not extend to the desert site also contributed to the role of species turnover in determining our pattern. Species affinity for a particular position along the gradient, a classical approach to vegetation science, is, however, rarely assessed in studies documenting patterns of species interactions (but see Choler et al., 2001) . Though simple, this approach proved to be very effective for providing a parsimonious explanation of our pattern at the community level. That said, our entire study could also be viewed as an example of system where facilitation is not the prevailing interaction in harsh environments such as Ladakh (see de Bello et al., 2011; Dvorsky et al., 2013 ; see also Pugnaire et al., 2015 for a similar study system). Despite the fact that C. versicolor combines several traits that should make it a good nurse (cushion, nitrogen fixer and thorny; Gomez-Aparicio et al., 2004; Reid et al., 2010) , only the two most common species, E. jacquemontii and K. pungens, out of the 32 found along our gradient, were positively associated with the shrub. The legume O. tatarica, the third most common species, was consistently negatively associated with C. versicolor and it is therefore more representative of the study system in this regard than the two others. Several plant traits could explain this discrepancy. First, unlike E. jacquemontii and K. pungens, which are good palatable species (Vanselow, 2011; Kumar et al,. 2016) , O. tatarica is toxic for livestock (Holzner and Kriechbaum, 2000) and therefore does not require protection from grazers. Moreover, unlike E. jacquemontii and K. pungens, which are tall enough to overtop the canopy of C. versicolor, O. tatarica is a very short-statured species (like most of the species in the system) and therefore more likely to suffer from light attenuation underneath C. versicolor (solar radiation is key for alpine plants to increase leaf temperature above free air temperature and maintain their metabolism; Larcher, 2012) . Lastly, it is also a nitrogen fixer itself, so it is not likely to obtain a benefit from C. versicolor for nutrient uptake. The extreme environmental severity, the harsh climate possibly exacerbated by the intense grazing in the region (Hartmann, 2009; Kumar et al., 2016) , could have selected for a highly stress-tolerant (and short-statured) species pool overall, resulting in the low prevalence of facilitation in our study system (Michalet et al., 2006 ; see also Pennings et al., 2003; Smit et al., 2009; Le Bagousse-Pinguet et al., 2014a; Noumi et al., 2015) .
Finally, the scale of the study may be key for reconciling apparently different views on the variation of species interactions along stress gradients (Soliveres et al., 2015) . When considering the variation in facilitation at the species level (pairwise interactions), both E. jacquemontii and K. pungens showed a consistent increase in facilitation with decreasing elevation. This increase in facilitation coincided with a decrease in either their probability of occurrence or percentage cover in the plots away from the shrub. For both species, facilitation therefore extended their niche toward the lowest elevation (see Bruno et al., 2003) . This is consistent with the idea that the more stress increases (in our case most probably increasing drought), the more the particular species is likely to deviate from its optimum and perceive an increasing level of strain (Levitt, 1980; Welden and Slauson, 1986; Keddy, 2007; Gross et al., 2010) , the more it is likely to be facilitated, as long as the nurse is ameliorating the local environmental conditions (Choler et al., 2001; Liancourt et al. 2005; Gross et al., 2009; Le Bagousse-Pinguet et al., 2012; Soliveres et al., 2012; He et al., 2013 He et al., , 2016 . Though theoretically possible (Malkinsön and Tielbörger, 2010) and previously documented (Tielbörger and Kadmon, 2000; Maestre and Cortina, 2004) , the collapse of facilitation or switch to competition found at the community level with increasing drought was not observed at the species level (pairwise interactions within the niche of the species) in our system.
Our observational study corroborates several arguments proposed by Michalet et al. (2006) and illustrates how the confusion of scale may have obscured the recent debate about the SGH (see also Soliveres et al., 2015) . We illustrate that the SGH can be viewed as a coin with two sides: (1) the 'stress gradient hypothesis' that predicts where facilitation should prevail at the community level (or even larger scales), and (2) the 'strain gradient hypothesis' that predicts where it should prevail within the niche of a particular species (also referred to as the 'individual stress model' in Soliveres et al., 2015) . We showed that facilitation is more likely to increase as beneficiary species deviate from their optimum (see Liancourt et al., 2005 for experimental demonstration). Where increasing stress aligns with increasing strain, the species-level and the community-level analysis should produce a consistent pattern (e.g. within the steppe vegetation belt in our study). However, where increasing stress does not imply increasing strain, e.g. where the gradient encompasses different local species pools and turnover of species with contrasting tolerance/optimum (see also Körner, 2003) , it should be recognized that a unimodal relationship along this gradient can emerge at the community level as a direct consequence of the SGH at the species level (see also Michalet et al., 2006) . Understanding where positive or negative species interactions prevail and what mechanisms generate this outcome has profound ecological (e.g. Tylianakis et al., 2008; Liancourt et al., 2013; Cavieres et al., 2014) and evolutionary implications (e.g. Michalet et al., 2011; Liancourt et al., 2012b) that certainly deserve the growing attention being paid to the topic (Michalet and Pugnaire, 2016) .
SUPPLEMENTARY DATA
Supplementary data are available online at https://academic. oup.com/aob and consist of the following. Appendix S1: exploration of the relationship between elevation and climate to test the assumption that elevation is a valid proxy for drought and low-temperature stress. Appendix S2: climatic variables (temperature, T; and relative air humidity, RH) measured hourly along the elevation gradient using a HOBO TM U23 Pro v2 logger (www.onsetcomp.com) from September 2014 to September 2015. Appendix S3: results from the Fiedman tests for the screening of species association with C. versicolor along the elevation gradient.
